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A. Statement of the Problem

The purpose of the research carried out under Contract Number DAAL-03-91-
G-0127 was to determine the phase behavior and to explore the conditions for
thermodynamic stability in polyurethanes containing mesogens. The work involved
both segmented polyurethanes with the mesogens residing in the hard segments, and
model non-segmented polyurethanes containing mesogenic groups. In addition,
molecular simulation techniques were brought to bear upon the problem of the
structure of the mesogen containing polyurethanes and the phase diagram of
segmented polyurethanes with hard segments containing rigid (diacetylene) moieties.
The research was a cooperative venture among three members of the Polymer
Science and Engineering Department at the University of Massachusetts. R.J. Farris
studied the thermodynamics of deformation and the processing of the polyurethanes to
produce high degrees of orientation in both films and fibers. S.L. Hsu concentrated on
molecular characterization using vibrational spectroscopy. He also was largely
responsible for the molecular simulation efforts. W.J. MacKnight conducted the
synthesis, characterization, mechanical and thermal properties, and morphology
studies.

B. Summary of the Most Imoortant Results

(1) Polyurethanes containing the mesogen 4,4'bis(6 hydroxyhexoxy)
biphenyl (BHHBP) exhibit mesophases of the smectic type, as does the BHHBP itself.
The nature of the mesophases is primarily dictated by the packing requirements of the
biphenyl ring in the BHHBP and the hydrogen bonding present in the polyurethanes is
of only secondary importance.

(2) Most BHHBP containing polyurethanes do not possess a
thermodynamically stable mesophase (i.e. they are of the monotropic type). The
mesophase can be stabilized by structural modification of the diisocyanate. For
example, polyurethanes based on the mixed diisocyanates 2,4 and 2,6 toluene
diisocyanate (2,4 TDI and 2,6 TDI) exhibit stable smectic c mesophases over wide
temperature ranges and do not possess stable crystal phases.

(3) By combining the molecular simulation method with Monte Carlo
techniques, phase diagrams for various model segmented polyurethanes, especially
those containing diacetylenic moieties in the hard segments, have been predicted. It
was found that the rigidity of the hard segment plays an important role and that
hydrogen bonding is not the driving force for phase separation. The results call into
question some previously reported data on phase compositions based on glass
transition temperatures of the soft segments.

(4) Segmented polyurethanes with hard segments composed of the BHHBP
mesogen and mixtures of 2,4 and 2,6 TDI exhibit an enantiotropic mesophase in the
microphase separated hard domains. This mesophase is less highly ordered than
commonly appears to be the case with structures containing BHHBP. (It appears to be
a nematic mesophase rather than a smectic mesophase). It can be oriented by elastic
deformation and it forms a more ordered structure during the deformation. The



mechanical properties of these segmented polyurethanes are determined by their
morphologies and can be manipulated by controlling the hard and soft segment
concentration ratio.
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